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No. 




IB & J± 






Pb(Nii^3Nb^ 3 )03 PbTiOa PbZrfe Srg&S 


Me 






A. 


V z 






* 1 


0*74 


0.25 0.01 


— 


— 


* 2 




0 59 0.01 


- 


— 


* 3 


o!4o 


0 25 0.35 


— 


— 


* 4 


\f m \J\J 


0 59 0.35 


- 


— 


•5 


ft 7*19 


0 25 0 01 


Ni 


0.001 


6 


ft 7^9 


0 25 0.01 


Ni 


0.001 


7 


ft /ins 




Ni 


0.01 


8 


0.495 


0.3465 0.1485 - 


Ni 


0.01 


9 


0.495 


0.3465 0.1485 - 


Ni 


0.01 


10 


0.495 


0.3465 0.1485 - 


Ni 


0.01 


*11 


0.495 


0.3465 0.1485 - 


Ni 


0.01 


12 


0.485 


0.3395 0.1455 - 


Ni 


0.03 


13 


0.475 


0.3325 0.1485 - 


Ni 


0.05 


14 


0.45 


0.315 0.135 - 


Ni 


0.1 


15 


0.425 


0.2975 0.1275 - 


Ni 


0.15 


16 


0.4 


0.28 0.12 


Ni 


0.2 


*17 


0.375 


0.2625 0.1125 - 


Ni 


0.25 


18 


0.4995 


0.3497 0.1498 - 


Mk 


0.001 


19 


0.495 


0.3465 0.1485 - 


Mr 


0.01 


20 


0.45 


0.315 0.135 - 


Mr 


0.1 



0.005 

0.01 

0.05 

0.1 

1.0 

1.5 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 
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No. 



X 



21 0.4 

22 0.4995 

23 0.495 

24 0.45 

25 0.4 

26 0.4995 

27 0.495 

28 0.45 

29 0.4 

30 0.4995 

31 0.495 

32 0.45 

33 0.4 

34 0.485 

35 0.485 

36 0.485 

37 0.485 
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0.2 
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0.05 


0.3395 0.1455 0.1" 
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0.05 
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0.05 


0.3395 0.1455 0.25 


Ni 


0.03 


0.05 
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j&££r/#£nfcfttt£^l\ vifno*fit>MnOi * [0016] 
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No. 




mmm x 




(Kp) 




ra 


* 1 


0.27 


13500 


1210 


* 2 


0.39 


1890 


1220 


* 3 


0.43 


1750 


1220 


* 4 


0.55 


1050 


1280 


* 5 


0.27 


13200 


1120 


6 


0.27 


13210 


1120 


7 


0.63 


6130 


1120 


8 


0.625 


6090 


1120 


9 


0.605 


5890 


1120 


10 


0.525 


4860 


1120 


*11 


0.30 


3310 


1120 


12 


0.61 


5890 


1090 


13 


0.60 


5720 


1070 


14 


0.555 


5560 


1050 


15 


0.52 


5500 


1040 


16 


0.40 


5430 


1030 


♦17 


0.25 


5280 


1020 


18 


0.615 


5790 


1120 


19 


0.605 


5650 


1120 


20 


0.57 


5330 


1050 




No. 



21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
*38 



No. , sa 

Pb(Kiiv3Nba/ 3 )03 
x 



UT 33 ) 



0.40 


5020 


1040 


0.61 


5920 


1120 


0.59 


5800 


1120 


0.54 


5460 


1050 


0.39 


5310 


1030 


0.595 


5560 


1120 


0.58 


5360 


1120 


0.55 


5210 


1060 


0.38 


5110 


1040 


0.60 


5890 


1120 


0.595 


5830 


1120 


0.565 


5450 


1050 


0.42 


5220 


1040 


0.60 


6150 


1100 


0.59 


6290 


1110 


0.58 


6460 


1120 


0.565 


6520 


1120 


0.42 


6710 


1150 



40 



a 



39 
40 
41 
42 



0.495 
0.495 
0.495 
0.495 



PbTiOa PbZrOs He 
y z 

0.3465 0.1485 Ni 

0.3465 0.1485 Ni 

0.3465 0.1485 Ni 

0.3465 0.1485 Ni 



cms 



1.1X10*° 



[314] 



.2X10 10 
.4Xxl0 10 
.3Xxl0 10 
_2Xxl0 iO 
2.2Xxl0 13 
4.7XxlO A3 
5.2X10 13 
1.8X10 14 
5.5X10 13 

6.4 XlO* 3 
5.6X 10 13 

3.5 X10 13 
5.9 X10 13 
4.6X10 13 
3.3X10 13 
3.9 X10 13 
7.4 X10 13 
6.2X10 13 
4.5X10 13 



p (Q ' cm) 



6.8X 10 13 
6.4X10 13 
6.5X10 13 
4.2X10 13 
5.7 X10 13 
7.5X10 13 
5.3X10 13 
5.5X10' 3 

4.6 X10 13 
3.5X10 13 
2.3X10 13 
3.2X10 A3 

2.7 X10 13 
3.6 X10 13 
2.2X10 13 
4.1X10 13 
3.9X10 13 
2.3 X10 13 



0.01 
0.01 
0.01 
0.01 



0.01 
0.05 
0.1 
1.0 



[0 0 1 93 
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No. 


(Rp) 




rcT 


p (Q • cm) 




39 
40 
41 
42 


0.62 
0.61 
0.60 
0.52 


6070 
6010 
5830 
4740 


1120 
1120 
1120 
1120 


4.6X10 13 
3.1X10 13 
6.3X10 13 
5.2X10 13 




[0 0 2 0] 
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Pb(Niix3Nbz^3)0 3 


Pfctfi0 3 


PbZrOa 


Me 
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y 


z 








43 


0.495 


0.3465 


0.1485 


Ni 


0.01 


0.01 


44 


0.495 


0.3465 


0.1485 


Ni 


0.01 


0.05 


45 


0.495 


0.3465 


0.1485 


Ni 


0.01 


0.1 


46 


0.495 


0.3465 


0.1485 


Ni 


0.01 


1.0 



No. 



43 
44 
45 
46 



(Kp) 

0.61 
0.60 
0.59 
0.51 



T33) 



6050 
5920 
5740 
4680 



ma] 



1120 
1120 
1120 
1120 



p Tn 



cm) 



3.1X10 13 
2.9 X10 13 
3.9X10 13 
4JX10 13 



[0 0 2 2] ]&±<Df&$fLfrt>W*>frr3i<i:o\z, *«W<& 
Sr£«*-TCa, B a £SK 

i^i«(Ojie*^S6nfe. 

[0 0 2 3] 



fc*€rv>£<h^£, 7^^x->, ttlZflMSEEttS 
[HiEOflHi&Hqil] 

[0 1] *«WJC*5*t*^JES» (Pb (NI1/3N 
b I/3 )0 3 -PbT i Oa-PbZ rOi) 
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Abstract 


PURPOSETo provide a material, sinterable at a low temperature, having a high resistivity and a large piezoelectric strain 
constant and useful as actuators, especially stacked type piezoelectric elements. 

CONSTITUTIONThe objective piezoelectric porcelain composition is expressed by the general formula (1-w)[xPb ' 
(Ni1/3Nb2/3)03-yPbTi03-zPbZr03]-wPb(Me1/2 W1/2)03 [(X+Y+Z) is 1] and the blending ratio (x), (y) and (z) are located 
on lines connecting the following composition points A; [(x) is 0.74; (y) is 0.25; (z) is 0.001] to B; [(x) is 0.40; (y) is 0.59; (z) 
is 0.01], C; [(x) is 0.40; (y) is 0.25; (z) is 0.35] and D; [(x) is 0.06; (y) is 0.59; (z) is 0.35] and within the range surrounded 
by the lines. Furthermore, (w) is within the range of 0.001 <=(w)<=0.2 and Me is any one of Ni, Mg, Cu, Zn and Co. At least 
one of Mn, Cr and Fe is respectively contained in an amount of 0.005-1. Owt.% expressed in terms of Mn02, Cr203 and 
Fe2Q3. Part of Pb which is the principal component is further replaced with 0.001-0.2 at least one of Ca, Ba and Sr. j 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is shown by {xPb(nickell/3Nb 2/3) 03-yPbTi03 -general formula (1-w) zPbZrO 3}-wPb 
(Mel/2Wl/2):03 (x+y+z=l), and a compounding ratio x, and y and z set to this 3 component 
composition diagram. Following forming point A:(X= 0.74, y= 0.25, z= 001) B: (x= 0.40, y= 0.59, z= 
0.01) C: (x= 0.40, y= 0.25, z= 0.35) D: (x= 0.06, y= 0.59, z= 0.35) It is in the composition range 
surrounded by the line top to connect and this line, and w is in the range of 0.001 <=w<=0.2. The 
piezoelectric-ceramics constituent which Me is any one sort of nickel, Mg, Cu, Zn, and the Co, and is 
characterized by the thing of Mn, Cr, and Fe for which a kind is converted into Mn02, Cr 203, and 
Fe203, respectively, and is contained 0.005 to 1.0% of the weight at least. [Claim 2] The piezoelectric- 
ceramics constituent according to claim 1 with which a part of Pb is characterized by the thing of 
calcium, Ba, and Sr of 0.001-0.2 replaced by kind at least. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related with the piezoelectric-ceramics constituent which whose sintering 
temperature was as low as about 1 1 00 degrees C, and was excellent in insulation performance about the 
piezoelectric-ceramics constituent with which this invention makes titanic-acid lead zirconate a principal 
component while especially the piezo-electric property was size. 
[0002] 

[Description of the Prior Art] Conventionally, as a piezoelectric-ceramics constituent, since a 
piezoelectric constant is size, it makes a piezoelectric transducer the start, and what makes titanic-acid 
lead zirconate a principal component is widely used as a material for actuators. However, the material of 
this system has the fault of being hard to guarantee the repeatability of a property, and homogeneity, in 
order that piezoelectric may be [ that it originates in evaporation of the lead oxide at the time of baking, 
and is hard to obtain a precise sintered compact, and near the mol photograph pick phase boundary 
(MPB) ] dependent on titanium and zirconium composition. In order to improve such a fault, there is a 
means to add oxides, such as a means to replace a part of Pb by calcium, Sr, Mg, Ba, etc. of optimum 
dose, or La, Nd, Nb, Ta, Sb, Bi, Th, W. According to the former, a dielectric constant can be made into 
size, without reducing a piezo-electric property, according to the latter, polarization becomes easy, a 
piezoelectric constant increases and there is an advantage that aging becomes small. 
[0003] Many compound perovskite type compounds which, on the other hand, have two or more ion 
from which a valence differs in the position of A or B as an AB03 type ferroelectric in parallel with 
improvement of the above-mentioned titanic-acid lead zirconate were discovered. Henceforth, the 
research and development to composition of three components with this compound perovskite type 
compound are furthered energetically. There is a thing of the composition which considers as the 
piezoelectric-ceramics constituent of the aforementioned three-component system, for example, 
becomes Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03. It is that the material in which a mol photograph 
pick phase boundary (MPB) has the property which is expanded to a line from a point and suits a latus 
use more is obtained while the feature of such a piezoelectric-ceramics constituent of three-component 
system has little evaporation of a lead oxide and is easy to calcinate as compared with Pb(Zr, Ti) 03 of 
the aforementioned component system. 

[0004] Since the piezo-electric distorted constant (d constant) is very large, the piezoelectric -ceramics 
constituent of the Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03 aforementioned system fits the piezoelectric 
ceramics for actuator elements. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the sintering temperature of the piezoelectric- 
ceramics constituent of the Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03 aforementioned system is 1200- 
1300 degrees C and an elevated temperature. For this reason, when a laminating type piezoelectric 
device was created with this piezoelectric-ceramics constituent, platinum and palladium which can bear 
this sintering temperature as an internal electrode had to be used, and there was a problem that a 
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manufacturing cost was high. If sintering temperature can be made low, use of cheap silver, palladium 
alloy, etc. will be attained. Since an oxidation-reduction reaction is started and a crack and ablation are 
produced in a laminating type piezoelectric device while palladium sinters when there are many contents 
of that the cost of palladium is high when using silver and a palladium alloy as an internal electrode, and 
palladium, it is required that the rate of palladium should be 30% or less. 

[0006] In order to make the ratio of palladium 30% or less, it is more nearly required than a Ag-Pd 
system phase diagram to make desirably 1 150 degrees C or less of sintering temperature into 1120 
degrees C or less. For this reason, complicated operation of having pulverized temporary-quenching 
powder creating the laminating type piezoelectric device which used silver and palladium for the 
internal electrode with the piezoelectric-ceramics constituent of Pb(nickell/3Nb 2/3) 03-PbTi03- 
PbZr03 system, or carrying out HIP processing was needed. Furthermore, the piezoelectric-ceramics 
constituent of the Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03 aforementioned system When specific 
resistance was comparatively small and the piezoelectric-ceramics constituent of the Pb(nickell/3Nb 
2/3) 03-PbTi03-PbZr03 aforementioned system is used for the element around 100 micrometers for 
much more thickness like a laminating type piezoelectric device for this reason, There was a problem of 
a low in reliability, such as pulling out or carrying out dielectric breakdown of performance in which the 
voltage which can be impressed is small and sufficient, during use. 

[0007] this invention solves the trouble which exists in the above-mentioned conventional technology, 
and it aims at offering the piezoelectric-ceramics constituent with which sintering temperature is about 
1 100 degrees C and low temperature and with which specific resistance was suitable for the charge of 
actuator material, especially the charge of laminating type piezoelectric-device material in size while a 
piezo-electric property is size. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned problem, it sets to this 
invention. It is shown by {xPb(nickell/3Nb 2/3) 03 -yPbTi03 -general formula (1-w) zPbZrO 3}-wPb 
(Mel/2Wl/2) 03 (x+y+z=l), and a compounding ratio x, and y and z set to this 3 component 
composition diagram. Following forming point A: (X= 0.74, y= 0,25, z= 001) B: (x= 0.40, y= 0.59, z= 
0.01) C:(x= 0.40, y= 0.25, z= 0.35) D: (x= 0.06, y= 0.59, z= 0.35) It is in the composition range 
surrounded by the line top to connect and this line, and w is in the range of 0.001<=w<=0.2. Me is any 
one sort of nickel, Mg, Cu, Zn, and the Co, and even if there are little Mn, Cr, and Fe, a kind is 
converted into Mn02, Cr 203, and Fe203, respectively. It contained 0.005 to 1.0% of the weight, and 
the technical means that a part of Pb in a principal component replaced by kind at least among calcium, 
Ba(s), and Sr of 0.00 1 -0.2 further were adopted. 
[0009] 

[Function] the reason which limited Pb(nickel l/3Nb 2/3) 03-PbTi03-PbZr03 which is a principal 
component to the above-mentioned range - the composition of those other than the above-mentioned 
range ~ an electromechanical coupling coefficient Kp or specific inductive capacity epsilonT33 — it is 
because it falls remarkably It is ****** when it considers as a laminating type piezoelectric device. 
* ***** is proportional to the piezo-electric distorted constant which is one of the material properties of 
a piezoelectric-ceramics constituent. This piezo-electric distorted constant (d31) is computed by several 
1. 

[Equation 1] 

d31= [(1-sigma )S1 1 E-epsilon T33 and epsilonO / 2] 1/2, Kp (sigma : a Poisson's ratio, SI IE: an elastic 
compliance, epsilonO: dielectric constant of vacuum) 

inner mho of several 1, and SHE — the piezoelectric material of a PZT system — at most — sigma= — 
since it is in the range of 0.25 to 0.35, and SllE=ll-16xlO-12m2/N, d31 is proportional to the product 
of Kp and the square root of epsilonT33 mostly for this reason, the above-mentioned limitation - if out 
of range, a piezo-electric distorted constant (d constant) falls remarkably 
[0010] It becomes possible to reduce sintering temperature sharply, without reducing Kp and 
epsilonT33, if Pb(Mel/2Wl/2) 03 (Me is any one sort of nickel, Mg, Cu, Zn, and the Co) is made to 
contain 0.001<=w<=0.2 times. Sintering temperature cannot be made into 1 120 degrees C or less in w< 
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0.001 . The fall of Kp is remarkable at w> 0.2. Even if there are little Mn, Cr, and Fe, a kind is converted 
into Mn02, Cr 203, and Fe203, respectively, and specific resistance can be improved sharply, without 
reducing Kp and epsilonT33, if it adds 0.005 to 1 .0% of the weight. The fall of Kp is remarkable, when 
specific resistance does not become [ an addition ] large at less than 0.005 % of the weight but an 
addition exceeds 1.0 % of the weight. If Pb in a principal component is replaced by kind at least among 
calcium, Ba, and Sr, epsilonT33 will increase. If the effect of substitution has the inadequate amount of 
substitution at less than 0.001 and it exceeds 0.2, the fall of Kp will be remarkable and sintering 
temperature will exceed 1 120 degrees C. 
[0011] 

[Example] It is a book by the following and the example. A lead oxide (PbO), titanium oxide (Ti02), a 
zirconium oxide (Zr02), Nickel oxide (NiO), a niobium oxide (Nb 205), manganese oxide (Mn02), An 
iron oxide (Fe 203), a chrome oxide (Cr 203), a tungstic oxide (W03), Weighing capacity was carried 
out so that it might become the composition which showed the raw material of magnesium oxide 
(MgO), a copper oxide (CuO), a zinc oxide (ZnO), cobalt oxide (CoO), and a strontium carbonate 
(SrC03) in Table 1 and 2, and this was mixed with the ball mill for 2 hours. Temporary quenching of 
the obtained mixture was carried out at 850 degrees C after temporary fabrication and into air for 2 
hours, and the ball mill ground further for 2 hours. The with a diameter length [ 15mm length of 20mm ] 
Plastic solid was created for this by after [ a granulation ] press forming. Where this Plastic solid is 
sealed in the container which consists of an alumina or a magnesia, sintering of 2 hours in oxygen was 
performed. The electrode which uses the obtained sintered compact as an element with a diameter [ of 
16mm ] and a thickness of 0.8mm by cutting and polish processing, and becomes an ends side from Cr- 
Au about it was formed, 3kV [/mm ] direct current voltage was impressed for 1 5 minutes into the 
silicone oil, and polarization processing was performed. 
[0012] 
Table 1] 

No. sa ^ it 

PbCNii/sNb^Oa PbTiOa PbZrOs Srg&l Me w MnO^M: 
x y z (H°/o) 



* 1 


0.74 


0.25 0.01 - 






* 2 


0.40 


0.59 0.01 






* 3 


0.40 


0.25 0.35 






* 4 


0.06 


0.59 0.35 






* 5 


0.739 


0.25 0.01 


Ni 0.001 




6 


0.739 


0.25 0.01 


Ni 0.001 


0.005 


7 


0.495 


0.3465 0.1485 - 


Ni 0.01 


0.01 


8 


0.495 


0.3465 0.1485 - 


Ni 0.01 


0.05 


9 


0.495 


0.3465 0.1485 - 


Ni 0.01 


0.1 


10 


0.495 


0.3465 0.1485 - 


Ni 0.01 


1.0 


*11 


0.495 


0.3465 0.1485 - 


Ni 0.01 


1.5 


12 


0.485 


0.3395 0.1455 - 


Ni 0.03 


0.05 


13 


0.475 


0.3325 0.1485 - 


Ni 0.05 


0.05 


14 


0.45 


0.315 0.135 - 


Ni 0.1 


0.05 


15 


0.425 


0.2975 0.1275 - 


Ni 0.15 


0.05 


16 


0.4 


0.28 0.12 


Ni 0.2 


0.05 


*17 


0.375 


0.2625 0.1125 - 


Ni 0.25 


0.05 


18 


0.4995 


0.3497 0.1498 - 


Mr 0.001 


0.05 


19 


0.495 


0.3465 0.1485 - 


M* 0.01 


0.05 


20 


0.45 


0.315 0.135 - 


Mr 0.1 


0.05 


[0013] 











[Table 2] 
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No. 




BE & 


it 






PbCNjw-jNbz^Os PbTiOs PbZrOa SrMm 


S He 






X 


y z 








21 


0.4 


0.28 0.12 


Uk 


0.2 


0.05 


22 


0.4995 


0.3497 0.1498 - 


Cu 


0.001 


0.05 


23 


0.495 


0.3465 0.1485 - 


Cu 


0.01 


0.05 


24 


0.45 


0.315 0.135 - 


Cu 


0.1 


0.05 


25 


0.4 


0.28 0.12 


Cu 


0.2 


0.05 


26 


0.4995 


0.3497 0.1498 - 


Zn 


0.001 


0.05 


27 


0.495 


0.3465 0.1485 - 


Zri 


0.01 


0.05 


28 


0.45 


0.315 0.135 - 


Zn 


0.1 


0.05 


29 


0.4 


0.28 0.12 


Zn 


0.2 


0.05 


30 


QA995 


0.3497 0.1498 - 


Co 


0.001 


0.05 


31 


0.495 


0.3465 0.1485 - 


Co 


0.01 


0.05 


32 


0.45 


0.315 0.135 - 


Co 


0.1 


0.05 


33 


0.4 


0.28 0.12 


Co 


0.2 


0.05 


34 


0.485 


0.3395 0.1455 0.001 


Ni 


0.03 


0.05 


35 


0.485 


0.3395 0.1455 0.01 


Ni 


0.03 


0.05 


36 


0AS5 


0.3395 0.1455 0.1 


Ni 


0.03 


0.05 


37 


0.485 


0.3395 0.1455 0.2 


Ni 


0.03 


0.05 


*38 


0.485 


0.3395 0.1455 0.25 


Ni 


0.03 


0.05 



[0014] The property acquired by each composition is shown in Table 3 and 4. 1, 2, 3, and 4 of 
composition No. correspond to the composition at the time of w=? 0 by composition of drawing 1 of A, 
B, C, and D, respectively. In composition within the limits Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03 
which is a principal component was surrounded by whose A, B, C, and D, when Kp and epsilonT33 
consider as a laminating type piezoelectric device greatly, the big amount of displacement is obtained. 
Although composition No.5 are the composition which added Pb(nickell/2Wl/2) 03 to composition of 
No. 1, it is distinct that sintering temperature falls. It turns out that specific resistance improves sharply 
by adding Mn02 from the result of composition No.6 to 1 1. When the addition of Mn02 exceeds 1 % of 
the weight from the result of No . 1 1 , a bird clapper turns out to be unsuitable as a material for actuators 
with the remarkable fall of Kp. Although sintering temperature fell as the addition of Pb(nickel 1/2 W 1/2) 
03 increased from the result of No. 12 to 17, since Kp fell remarkably when w exceeded 0.2, w was 
limited to 0.2 or less. Composition No. 1 8 to 33 shows the property when setting Me of Pb(Mel/2Wl/2) 
03 to Mg, Cu, Zn, and Co, respectively. The effect same in any case as the case where Me is nickel is 
shown. Although epsilonT33 becomes still larger by replacing a part of Pb by Sr from the result of 
composition No. 34 to 38, if the amount of substitution exceeds 0.2, the fall of Kp is not remarkably 
desirable as a charge of actuator material. 

[0015] When Cr 203 is added instead of Mn02 in Table 5 and 6, composition and the acquired property 
are shown in Table 7 and 8, respectively about the case where Fe 203 is added instead of Mn02. It turns 
out that the same effect as the case where Mn02 is added in any case is acquired. 
[0016] 
[Table 3] 
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No. 



* 1 

* 2 

* 3 

* 4 

* 5 
6 
7 
8 
9 

10 
*11 

12 
13 
14 
15 
16 
*17 
18 
19 
20 




mm 

p (Q 



era) 



0.27 


13500 


1210 


1.1X10 10 


0.39 


1890 


1220 


1.2X10 iO 


0.43 


1750 


1220 


1.4Xxl0 10 


0.55 


1050 


1280 


1.3Xxl0 10 


0.27 


13200 


1120 


1.2Xxl0 10 


0.27 


13210 


1120 


2.2Xxl0 13 


0.63 


6130 


1120 


4.7Xxl0 13 


0.625 


6090 


1120 


5.2X10 13 


0.605 


5890 


1120 


1.8X10* 4 


0.525 


4860 


1120 


5.5 X10 13 


0.30 


3310 


1120 


6.4 X10 13 


0.61 


5890 


1090 


5.6 X10 13 


0.60 


5720 


1070 


3.5 X10 13 


0.555 


5560 


1050 


5.9X10 13 


0.52 


5500 


1040 


4.6 X10 13 


0.40 


5430 


1030 


3.3 X10 13 


0.25 


5280 


1020 


3.9X10 13 


0.615 


5790 


1120 


7.4X10 13 


0.605 


5650 


1120 


6.2X10 13 


0.57 


5330 


1050 


4.5 XlO 13 



[0017] 
[Table 4] 
No. 



21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
*38 




UT33) 



mm 
p to 



cm) 



0.40 


5020 


1040 


6.8X10 13 


0,61 


5920 


1120 


6.4 X10 13 


0.59 


5800 


1120 


6.5X10 13 


0.54 


5460 


1050 


4.2X10 13 


0.39 


5310 


1030 


5.7X10 13 


0.595 


5560 


1120 


7.5 X10 13 


0.58 


5360 


1120 


5.3 X10 13 


0.55 


5210 


1060 


5.5 X10 13 


0.38 


5110 


1040 


4.6X10 A3 


0.60 


5890 


1120 


3.5 X10 13 


0.595 


5830 


1120 


2.3X10 13 


0.565 


5450 


1050 


3.2X10 13 


0.42 


5220 


1040 


2.7X10 13 


0.60 


6150 


1100 


3.6X10 13 


0.59 


6290 


1110 


2.2X10 A3 


0.58 


6460 


1120 


4.1 XlO 13 


0.565 


6520 


1120 


3.9X10 13 


0.42 


6710 


1150 


2.3X10 13 



[0018] 
[Table 5] 

No. §S 

Pb(Niiy3Nb2/3)0 3 
x 



39 
40 
41 
42 



PbZrOa 
z 



0.495 
0.495 
0.495 
0.495 



Me 



0.3465 0.1485 Ni 

0.3465 0.1485 Ni 

0.3465 0.1485 Ni 

0.3465 0.1485 Ni 



if 



0.01 
0.01 
0.01 
0.01 



0.01 
0.05 
0.1 
1.0 
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A. 


Jt 








PbTiOa 


PbZr0 3 


He 




y 


z 








0.3465 


0.1435 


Ni 


0.01 


0.01 


0.3465 


0.1485 


Ni 


0.01 


0.05 


0.3465 


0.1485 


Ni 


0.01 


0.1 


0.3465 


0.1485 


Ni 


0.01 


1.0 



[0019] 
[Table 6] 

UT33) CO p iQ -ca) 

39 0.62 6070 1120 4.6X10 13 

40 0.61 6010 1120 3.1X10 13 

41 0.60 5830 1120 6.3 X10 13 

42 0.52 4740 1120 5.2X10 13 

[0020] 
[Table 7] 

No. , M 

x 

43 0.495 

44 0.495 

45 0.495 

46 0.495 

[0021] 
[Table 8] 

no. mfxwm mmm m&&& mm x 
mfkft UT33) rc) p (Q-cra) 

(Kp) 

43 0.61 6050 1120 3.1X10 13 

44 0.60 5920 1120 2.9X10 13 

45 0.59 5740 1120 3.9X10 13 

46 0.51 4680 1120 4.1X10 13 

[0022] The optimal sintering temperature is 1 120 degrees C or less, the piezoelectric-ceramics 
constituent of this invention has large specific resistance, and Kp and epsilonT33 are large so that 
clearly from the above result. In addition, when it replaced with Sr and calcium and Ba were used, the 
almost same result as Table 1 was obtained. 
[0023] 

[Effect of the Invention] As explained above, since use of a cheap silver and palladium electrode is 
possible, and a piezo-electric distorted constant is moreover large and specific resistance is also large 
when using as a laminating type piezoelectric device, since sintering temperature is 1 120 degrees C or 
less, this invention is very useful as an actuator, especially a charge of laminating type piezoelectric- 
device material. 



[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] Conventionally, as a piezoelectric-ceramics constituent, since a 
piezoelectric constant is size, it makes a piezoelectric transducer the start, and what makes titanic-acid 
lead zirconate a principal component is widely used as a material for actuators. However, the material of 
this system has the fault of being hard to guarantee the repeatability of a property, and homogeneity, in 
order that piezoelectric may be [ that it originates in evaporation of the lead oxide at the time of baking, 
and is hard to obtain a precise sintered compact, and near the mol photograph pick phase boundary 
(MPB) ] dependent on titanium and zirconium composition. In order to improve such a fault, there is a 
means to add oxides, such as a means to replace a part of Pb by calcium, Sr, Mg, Ba, etc. of a proper 
quantity, or La, Nd, Nb, Ta, Sb, Bi, Th, W. According to the former, a dielectric constant can be made 
into size, without reducing a piezo-electric property, according to the latter, polarization becomes easy, a 
piezoelectric constant increases and there is an advantage that aging becomes small. 
[0003] Many compound perovskite type compounds which, on the other hand, have two or more ion 
from which a valence differs in the position of A or B as an AB03 type ferroelectric in parallel with 
improvement of the above-mentioned titanic-acid lead zirconate were discovered. Henceforth, the 
research and development to composition of three components with this compound perovskite type 
compound are furthered energetically. There is a thing of the composition which considers as the 
piezoelectric-ceramics constituent of the aforementioned three-component system, for example, 
becomes Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03. It is that the material in which a mol photograph 
pick phase boundary (MPB) has the property which is expanded to a line from a point and suits a larger 
use is obtained while the feature of such a piezoelectric-ceramics constituent of three-component system 
has little evaporation of a lead oxide and is easy to calcinate as compared with Pb(Zr, Ti) 03 of the 
aforementioned component system. 

[0004] Since the piezo-electric distorted constant (d constant) is very large, the piezoelectric-ceramics 
constituent of the Pb(nickell/3Nb 2/3) 03-PbTi03-PbZr03 aforementioned system fits the piezoelectric 
ceramics for actuator elements. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The composition range of the principal component (Pb(nickell/3Nb 2/3) 03-PbTi03- 
PbZr03) in this invention is shown. 
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DRAWINGS 



[Drawing 1] 



PMli./.lb./O0. 




Ptfllfl. 
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